Arkansas uses a unique system for determining effluent loading rates for onsite wastewater systems based on wastewater storage in unsaturated soil above a seasonal water table. Evaluation of the soil volume available for storage relies on estimates of the slope of the effluent plume away from the trench, which has rarely been evaluated in the field. The objectives of this study were (i) to evaluate the simulated effluent slope for select soils in different hydraulic conductivity classes and with different seasonal water table depths, and (ii) to illustrate the utility of using model simulations to evaluate regulatory parameters established with limited measured data. The geometry of the effluent surface was evaluated by simulation of wastewater input and effluent movement with the HYDRUS (2D/3D) two-dimensional model. Nine soils mapped in Arkansas and in varying hydraulic conductivity classes were used. For each soil, initial seasonal water tables were established at target depths of ?40, 60, and 100 cm. Limited lateral spread of effluent resulted in effluent slopes that increased proportionately to water-table depth. Averaged across water-table depths, the mean slope of the effluent surface was 16, 15, and 29% for soils in the high, moderate, and low hydraulic conductivity classes, respectively. Model-simulated slopes for soils in moderate and low conductivity classes were lower than those currently assumed for calculation of effluent storage volume. The differences were small, however, and regulatory storage volumes result in appropriately conservative loading rates that minimize the risk of failure due to effluent surfacing in the drainfield area.
wastewater systems that is based on the soil volume available for wastewater and climatic water storage. For soils with seasonal water tables deeper than 50 to 100 cm (depth varies depending on soil conductivity class, estimated duration of an elevated water table, and on-site system geometry), storage is not considered and loading rates are based on the rate wastewater would be expected to move from the drainfield trench into and through the soil. For soils that are seasonally saturated in their upper part, however, only the volume of soil above the water table is assumed to be available to accept and store wastewater. During periods of hydraulic stress, when the water table is at its minimum depth, storage volume above the water table is also at a minimum. For wastewater to remain below the soil surface during these periods, the storage volume must be able to accommodate added wastewater until the seasonal water table falls and the storage volume increases as the soil dries.
Based on observations and published data, the Arkansas Department of Health (2014) established three water-table duration classes-brief, moderate, and long-that were based on the type and abundance of redoximorphic features in the area of the proposed drainfield. The assumed durations of saturation for these classes are 6, 18, and 36 d for brief, moderate, and long periods, respectively. These are the periods during which wastewater and any additional climatic water must be stored in the unsaturated soil volume above the water table. For example, for a soil with a moderate-duration water table, the soil between the surface and the depth to the water table must store the wastewater load for 18 d. The total soil volume required to store this wastewater load is the basis for setting an appropriately conservative effluent loading rate, which is used to size on-site drainfields in Arkansas.
Core Ideas
• Water storage volume is important for loading rates of on-site wastewater systems. • HYDRUS (2D/3D) was used to model the slope of the effluent surface away from a trench. • Modeled slopes confirm field observations across conductivity classes and soils.
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The volume of unsaturated soil above the water table that is available for wastewater storage is a geometric solid bounded by the soil surface, the depth to the seasonal water table, and prisms on each side of the drainfield trench that extend from the surface to the depth of the water table, which is the lower limit of storage ( Fig. 1) (Rutledge et al., 1993) . Once the depth to the seasonal water table has been estimated by morphological evaluation of the soil, it is relatively simple to calculate the volume of the geometric solid surrounding the drainfield trench. An air-filled porosity of 20% is assumed to calculate the wastewater storage volume within the unsaturated solid. The maximum soil loading rate is derived from the minimum drainfield length that would be required to store the estimated volume of wastewater generated during the number of days associated with the different water table durations (6, 18, or 36 d) . This loading rate is, in all cases, less than that used for well-drained soils in each hydraulic conductivity class (5.1, 3.0, or 0.8 cm d −1 for soils in the high, moderate, and low hydraulic conductivity class, respectively; Arkansas Department of Health, 2014).
One unknown and major assumption in these calculations is the geometry of the prism surface, specifically the slope from the soil surface to the water table depth. Current drainfield-sizing calculations assume that the prism surface is a linear plane that extends from the soil surface at the drainfield trench-soil boundary to the water table surface at a distance from the trench (Fig. 1) . Under current regulations, the slope of this plane relative to the water table surface is assumed to be 10% if the soil is in a high hydraulic conductivity class (sand and loamy sand textures; estimated saturated hydraulic conductivity [K s ] > 86 cm d −1 ; Soil Science Division Staff, 2017) or 20% for soils in a moderate conductivity class (other textures with £35% clay; estimated K s of 0.9 to 86 cm d −1 ; Arkansas Department of Health, 2014). Under current Arkansas guidelines, clayey soils with a low hydraulic conductivity class (>35% clay; estimated K s < 0.9 cm d −1 ) cannot be used for on-site systems with standard pipe-and-gravel absorption trenches (10-cm-diameter, perforated polyvinyl chloride pipe and gravel in a 60-cm-wide and 46-cm-deep trench). Loading rates for soils with low hydraulic conductivity have been proposed, however, with a 40% slope for the upper boundary of the storage prism.
The prism surface slope for moderate hydraulic conductivity soils was based on long-term, in situ monitoring of water table depths along a transect normal to a drainfield trench (Rutledge et al., 1993) . Under field conditions, the slope of the effluent surface averaged 7.4 and 10.7% for the two sides of the trench. These data were extrapolated to form the current effluent surface slopes used in Arkansas for drainfield sizing. The greater slope currently used for drainfield sizing for soils in the moderate hydraulic conductivity class (i.e., 20% instead of ?10% as field data suggested) results in larger, more conservatively loaded drainfields for environmental and homeowner protection.
The field study from which the effluent surface slopes were measured and used to calculate effluent storage and associated loading rates was for a single, profile-limited site in northwest Arkansas with a subsurface accumulation of clay (i.e., an argillic horizon), a seasonal water table at 46 cm as estimated from redoximorphic features with moist soil colors of chroma £ 2, and a moderate hydraulic conductivity class (Rutledge et al., 1993) . Similar data are not available to support the effluent slopes used for drainfield sizing assumed for soils in the high or low conductivity classes. Additionally, potential variation in slope of the effluent surface among soils within a hydraulic class has not been evaluated nor has the potential change in slope as the estimated water table depth varies among soils. Because of the time and expense that would be required to comprehensively evaluate effluent slopes for a range of soils in the field, it is unlikely that additional data will be collected to support assumptions used for drainfield sizing based on storage volume.
Model simulations have been used successfully to evaluate gravel effects on wastewater infiltration from on-site trenches Fig. 1 . Cross-sections of the model space showing volume (area) differences for different effluent surface slopes: (A) soil with moderate hydraulic conductivity; 20% slope for the effluent surface; (B) soil with high hydraulic conductivity; 10% slope for the effluent surface. The upper left corner of each panel represents the trench and pipe through which effluent is added. The blue-shaded, triangular area outside the trench represents the zone of effluent storage, while the brownshaded area represents unsaturated soil. (Radcliffe et al., 2005) , trench sidewall flow (Finch et al., 2008) , and to describe unsaturated flow in the soil around on-site trenches (Beach and McCray, 2003) . These studies were mainly focused on processes in soil proximal to drainfield trenches. In contrast, the goal of this study was to use model simulations to evaluate the geometry of the prism available to store wastewater during periods of hydraulic stress. Additionally, we aimed to illustrate that model simulations of soil water movement are a viable method to evaluate and potentially improve on assumptions derived from limited field data.
Our specific objectives were (i) to use model simulations to evaluate the slope of the upper boundary of the storage prism away from an on-site system's drainfield trenches among soil hydraulic conductivity classes and for varying seasonal water table depths, and (ii) to illustrate the utility of using model simulations to evaluate regulatory parameters established with limited measured data.
Methods

Geometry of the Model Space
The geometry of the upper boundary of the effluent surface away from the drainfield trench for soils with different hydraulic conductivities and water table depths was evaluated by simulation of wastewater addition and water table dynamics with HYDRUS (2D/3D) (https://www.pc-progress.com/en/Default. aspx?programs), a two-dimensional numerical model for simulating water movement through soils (Radcliffe et al., 2005; Šimůnek et al., 2016) . HYRDUS (2D/3D) is a finite-element model that uses a numerical solution to the Richards (1931) equation to quantify unsaturated water flow.
The drainfield trench and soil were modeled in cross-section, with one axis vertical and the other horizontal (Fig. 2) . The vertical dimension of the model space reflected the description and data available for the specific soils used and varied from 150 to 200 cm. Initially, the horizontal dimension of the model space was arbitrarily set at 5 m, assuming that the lateral effluent spread from the trench would be less than this distance. The spread observed in initial simulations was >5 m, however, and the horizontal dimension was increased to 15 m for soils in moderate and low hydraulic conductivity classes and 20 m for soils in the high conductivity class.
Simulations were made for one-half of the drainfield trench and surrounding soil width under the assumption that model results would be identical for both sides of a vertical plane in the middle of the trench (Fig. 2) . Consequently, the trench in the simulations was 30 cm wide, one-half of the typical width used in Arkansas, and was 46 cm deep, which is the typical trench depth used in Arkansas. The trench was filled with a 31-cm-thick layer of porous media (i.e., gravel for the 15-46-cm depth) that had an assigned K s of 1000 cm d −1 and 0.4 cm 3 cm −3 total porosity. The trench above the gravel was filled with 15 cm of soil material with characteristics based on depth-weighted average sand, silt, and clay contents of the soil horizons through which the trench was "excavated." The fill material was assigned a bulk density of 1.6 Mg m −3 for all soils. Wastewater was introduced into the drainfield trench through one-half of a 10-cm-diameter circle (i.e., pipe) whose center was at 30 cm below the surface (Fig. 2 ).
Soil Parameters
Nine soil series from various regions of Arkansas were used for the simulations: four with moderate hydraulic conductivity (Calloway, Captina, Dubbs, and Sawyer), three with low hydraulic conductivity (Enders, Moreland, and Sacul), and two with high hydraulic conductivity (Briley and Rosalie). Hydraulic conductivity classes were assigned based on the texture of the horizon at the depth of the trench bottom (Arkansas Department of Health, 2014). The hydraulic conductivity of deeper horizons was not considered in the class assignments, but lower horizons were included in model simulations. The soils selected for simulation are extensively mapped in Arkansas and represented different regions of the state. Properties of the nine soils are summarized in Table 1 .
Saturated hydraulic conductivity and other soil hydraulic parameters that describe the van Genuchten water retention curve (van Genuchten, 1980) for each soil horizon are input parameters (Table 1) . Data were available for seven horizons. The upper boundary is a seepage surface to allow wastewater to surface if conditions merit. The bottom boundary is assigned a constant pressure head to induce a water table at a specific depth. The left and right boundaries are no-flow boundaries. Note the one-half drainfield trench and delivery pipe (orange) in the upper left. Vertical exaggeration is 2´. for HYDRUS simulations and were derived with the Rosetta pedotransfer function (PTF) (Schaap et al., 2001) , which is available within the HYDRUS model. The Rosetta PTF is flexible and can estimate the parameters needed for HYDRUS simulations from a range of available data (Schaap et al., 2001) . For pedons of Calloway, Dubbs, and Sawyer soils, appropriate measured data for particle-size distribution, bulk density, and water retention at −0.33 and −1500 kPa for a pedon were available from the National Cooperative Soil Survey database (National Cooperative Soil Survey, 2017) and were used to estimate the van Genuchten input parameters. The pedon for the Sacul soil lacked water retention measurements, and only particle size and bulk density data were used to estimate the van Genuchten parameters. For the Captina, Enders, Moreland, Briley, and Rosalie soils, suitable measured data were not available. Thus, aggregated particle-size and bulk density data from the Soil Survey Geographic (SSURGO) database (NRCS, 2017) were used for Rosetta estimates of the HYDRUS input parameters.
Model Simulations and Effl uent Slope Evaluations
Effluent slopes were simulated for three water table depths: shallow (?40 cm deep), intermediate (? 60 cm deep), and deep (?100 cm deep). To induce the water tables prior to the introduction of wastewater, the lower model space boundary was assigned a constant pressure head. Above the water tables, the soil matric potential was in equilibrium with the subjacent water table prior to wastewater addition. The model space received no precipitation nor was there water loss from the soil by evapotranspiration. Effluent chemical properties that may have affected movement in the soil were also ignored for the purposes of this study.
Simulated wastewater was introduced through the half pipe in the drainfield trench (Fig. 2) at a loading rate, established through trial and error, that resulted in ponding within the trench to within 3 cm of the soil surface. Ponding of wastewater to near the surface maximizes soil storage and is assumed in the assignment of loading rates in the design of on-site systems in Arkansas (Arkansas Department of Health, 2014).
Each simulation was conducted for 50 d to ensure conditions had reached steady state. Steady state, as indicated by a constant depth to the water table surface (pressure head = 0) ( Fig. 3) , was reached within the first 10 d of simulation for most conditions, but a few soil-water table depth combinations required a longer simulation time to reach equilibrium.
For each simulation, the depth to a pressure head of 0 cm was recorded at selected distances away from the center of the drainfield trench: (i) at 30 cm (i.e., the edge of trench), (ii) every 50 to 500 cm, and (iii) every 100 to 1500 cm (or to 2000 cm for soils in the high hydraulic conductivity class). If an abrupt change in the slope of the upper boundary of the effluent surface was observed, the depth to the pressure head of 0 cm was recorded at the distance where the slope changed. From these data, the slope of the upper boundary of the effluent surface was calculated for various segments of the effluent interface.
Results
Geometry of Effl uent Surface
The boundary between the effluent surface and overlying unsaturated soil was not planar as indicated in Fig. 1 . Instead, the boundary was convex at the edge of the drainfield trench and was slightly concave to planar for a variable distance from the trench edge. At greater distances from the trench wall, the boundary was concave for a short distance and then was planar as the effluent interface gradually approached the seasonal water table at depth ( Fig. 3, 4 , 5, and 6).
Because the slope of the effluent-unsaturated soil boundary varied with distance laterally from the trench (Fig. 3, 4 , 5, and 6), an appropriate distance interval to calculate the effluent slope had to be selected that would yield meaningful comparisons among soils, hydraulic conductivity classes, and seasonal water table depths. Considering the typical drainfield trench geometry used in Arkansas, an effluent slope between 30 and 200 cm from the trench center was selected for slope calculations and comparisons. The selection of this interval for slope calculation was arbitrary, but for typical trench spacings of 240 to 300 cm, the 30-to 200-cm interval would minimize potential effluent overlap between adjacent trenches and maximize the slope for each simulation because the effluent slope was steepest proximal to the drainfield trench.
Hydraulic Conductivity Class Eff ects on the Slope of the Effl uent Surface
Mean effluent slopes derived from the model simulations were 16.0, 15.1, and 29.1% for the high, moderate, and low hydraulic conductivity classes, respectively (Table 2) . Among the conductivity classes, our assumption was that effluent slope would increase in the order of low > moderate > high. However, the results did not support this assumption. Soils in the low conductivity class had the largest slopes, but effluent surface slopes for soils in the high and moderate conductivity classes were similar ( Table 2) .
The reason the effluent slopes for the moderate and high classes did not follow the expected trend is not entirely clear. One explanation for the greater-thanexpected slopes for soils in the high class, however, was that maintaining the constant head when water was added to the high-conductivity soils through the trench resulted in artificially large fluxes across the lower model space boundary. Large vertical fluxes would limit lateral spread of the simulated effluent and result in larger than realistic slopes for the effluent surface. If real, this effect would be most evident in soils in the high conductivity class because the rapid hydraulic conductivity for these soils would be a minimal limit to vertical water flux. To evaluate this hypothesis, additional simulations were conducted in which the initial water table for soils in the high conductivity class was induced by adding an artificial, low hydraulic conductivity horizon (perching horizon) at the base of the model space. The water table was induced by adding water to the soil via a constant-flux upper model-space boundary at a rate that resulted in a steady-state water table that was within 4 cm of the target depth (40, 60, or 100 cm). Once the steadystate water table was established, simulated wastewater was added through the trench at a rate that would induce ponding to the surface in the trench as in simulations with the constant-head water table. This method of inducing the initial water table was also used for two soils (Calloway and Sawyer) in the moderate conductivity class to evaluate slope differences due to the water table induction method for less permeable soils.
Because the goal was effluent rise to the soil surface in the trench, loading rates specified in Arkansas regulations were not considered in the simulations. For high-conductivity-class soils, simulated wastewater loading rates to induce requisite in-trench ponding for water tables induced by a constant head at the lower boundary of the model space (constant-head water table) ranged from 29 to 115 cm d −1 , which far exceeded the regulatory loading rate of 5.1 cm d −1 (Arkansas Department of Health, 2014). In contrast, wastewater loading rates to induce the requisite trench ponding for soils in the moderate conductivity class ranged from 4.7 to 5.0 cm d −1 , which were only slightly greater than the regulatory loading rate of 3 cm d −1 for moderate conductivity soils without a seasonal water table (Arkansas Department of Health, 2014).
The large loading rates required to achieve the desired effluent ponding for high-conductivity-class soils suggested that use of a constant-head water table might be resulting in unrealistically large rates of vertical flow across the lower boundary of the model space. With water tables induced by a constant head, the maximum steady-state flow velocity across the lower model-space boundary with wastewater addition ranged from 2.2 to 10.5 cm d −1 for soils in the high conductivity class compared with 0.2 to 2.6 cm d −1 for soils in moderate and low conductivity classes. Both the loading rate and vertical water flux increased proportionally with increased initial water table depth.
Under natural conditions, the rate of vertical effluent movement will be controlled by soil hydraulic properties and the rate at which shallow groundwater moves vertically and laterally. In these simulations, however, boundary conditions precluded lateral movement of the groundwater, and the only impediment to vertical effluent movement was the soils' hydraulic properties. Rapid vertical flow would limit the lateral spread of effluent and result in slopes for the effluent surface that were large.
For soils in the high conductivity class, effluent slopes derived from simulations with the water table induced by a constant head at the lower boundary of the model space were 1.7 to 2.6 times greater than those for simulations with a perched water table (Fig.  7 ; Table 3 ). For Calloway and Sawyer soils in the moderate conductivity class, effluent slopes for simulations with a constant-head water table were more similar to those observed in simulations with a perched water table. Additionally, effluent slopes for the Calloway soil were greater for simulations with a perched water table than for those with a constant-head water table. The soils in the moderate class had horizons with low K s below the surface of the induced water table, and these horizons appeared to be inducting a rate of vertical water flow similar to that from an artificial restrictive layer. These results suggest that similar effluent slopes for soils in the moderate and high conductivity classes might be an artifact of boundary conditions and other model parameters used in the simulations. The only restriction to vertical flow for water tables induced by a constant head was the hydraulic properties of the soil, which, in the case of soils with high conductivity, may result in vertical flow rates that are considerably greater than groundwater flow rates under natural conditions. The addition of a restrictive soil horizon at the base of the model space limited vertical groundwater flow and enhanced the lateral spread of added effluent. Thus, the slope of the effluent surfaces was less than those observed with a constant-head water table (Table 3 ). The lower effluent slopes for soils in the high conductivity class better fit expectations of effluent behavior, but because the vertical flow restriction was artificial, may not truly represent slopes that would be observed under field conditions.
Water Table Depth Eff ect on the Slope of the Effl uent Surface
Within a soil, the slope of the effluent surface from 30 (trench edge) to 200 cm increased as the depth to the seasonal water table increased (Table 2 ; Fig. 4, 5, and 6) . The mean slope of the effluent surface across all soils and conductivity classes was 10, 15, and 29% for the shallow (40 cm), intermediate (60 cm), and deep (100 cm) seasonal water tables, respectively ( Table 2) . For each hydraulic conductivity class and soil, a similar relationship was observed, i.e., the effluent surface slope increased as the depth to the water table increased. The mean effluent slope increased from 10 to 23%, from 8 to 25%, and from 16 to 46% for soils in the high, moderate, and low hydraulic conductivity classes, respectively (Table 2) .
For the slope to remain constant as the water table depth varied, which is the assumption for on-site drainfield sizing protocols in Arkansas (Arkansas Department of Health, 2014), the distance that effluent spreads laterally would have to increase proportionally as the depth to the water table increased. Results from the model simulations in which water tables were induced by a constant head indicated that the mean lateral spread of effluent, averaged across all soils, differed by <1 m among water table depths (Table 4 ). The maximum difference in lateral spread among water table depths was for soils in the high hydraulic conductivity class, with a mean difference of 1.5 m (Table 4) . Simulations for soils in the high conductivity class with water tables induced by perching had a mean lateral spread of effluent across water table depths of <3 m. For soils in the moderate and low hydraulic conductivity classes, the difference in lateral spread as depth to the water table varied was £1 m. Thus, because lateral spread was relatively constant as depth to the water table increased, the slope of the upper boundary of the effluent surface increased as the water table depth increased.
The time required for the effluent surface to reach a constant level within 3 cm of the trench surface ranged from 4 to 7 d for an initial water table at 40 cm. As the initial water table depth increased, the time required to achieve steady state increased by 1 to 2 d. The extra time required to reach steady state as the water table depth increased allowed the effluent to spread laterally a greater distance, but the amount of spread was not sufficient to maintain a constant slope on the effluent surface.
Discussion
Wastewater loading rates used in the simulations were those that resulted in steady-state effluent levels in the drainfield trench that were within 3 cm of the soil surface. Loading rates to achieve this condition increased with initial water table depth and ranged from 1.9 to 19.4, 2.0 to 24.2, and 29 to 115 cm d −1 for soils in low, moderate, and high hydraulic conductivity classes, respectively. These loading rates were generally greater than those that would be recommended for on-site systems in these soils, most likely because the simulations did not include water additions to the model space as precipitation or laterally as throughflow. Under natural conditions, additions and losses of water proximal to the drainfield from rainfall, runoff, run-on, and lateral subsurface flow would be expected to alter the loading rate that would result in wastewater ponding to the soil surface. Simulations that included these water fluxes in addition to wastewater would have created a more realistic scenario but were beyond the scope of this study.
Results of the model simulations partially agreed with the assumption used for loading rate calculations in Arkansas; the slope of the upper boundary of the effluent surface in soils in the low conductivity class was greater than effluent surface slopes for soils in the moderate and high conductivity classes, which were similar. As discussed above, the effluent slopes for soils in the high conductivity class may be unrealistically large due to the constant-head method used to induce a water table. If results from simulations in which the water table was induced by perching on an artificial restrictive layer are considered, soils in the high conductivity class have the lowest slopes, which agrees with the initial assumption.
An alternative hypothesis that was considered was that soils with high hydraulic conductivity would have the steepest effluent surface slope because rapid vertical movement of effluent below and proximal to the trench would result in limited lateral movement of effluent above the water table. In contrast, soils in the low hydraulic conductivity class would have the lowest effluent surface slope due to slow vertical water and effluent flow below and proximal to the trench, which would induce greater lateral movement of effluent through near-surface horizons with greater conductivity that are commonly observed in clayey soils. The simulation results suggested that, assuming that hydraulic conductivity was equivalent in all dimensions, the lateral flow of water and effluent was at All hydraulic conductivity classes
Overall mean 6.7 7.1 6.6 † Lateral spread was measured as the distance from the trench center to the point at which the effluent surface was within 3 cm of the water-table depth with no influence of effluent addition. least an equally, and perhaps more, important factor controlling the slope of the upper boundary of the effluent surface as the vertical flow of water and effluent.
The increase in slope of the effluent surface as depth to the water table increased is also related to the vertical and lateral flow rates. The slope increase suggests that as the volume of soil above the water table that is saturated by effluent increases, the total vertical flux of effluent increases proportionally and limits the lateral spread of effluent. Thus, the slope of the effluent surface increased either as the depth of effluent ponded above the water table increased or as the depth to the water table increased. If the water table depth is static, the slope of the effluent surface will increase as the depth of ponding increases. At system failure, when effluent in the trench rises to the soil surface, the effluent slope will be at its maximum. It is this slope that is needed for efficient drainfield sizing to minimize the probability of effluent surfacing and with a minimum drainfield length.
The modeled slopes on the upper boundary of the effluent surface were less than those that have been assumed for actual loading rate calculations in Arkansas. The loading rate calculations assume a 10% slope for soils with high hydraulic conductivity, where the mean slope from the model simulations for the high class was 7 to 16% depending on the method used to induce a water table (Tables 2 and 3) . Similarly, the mean simulated slope for soils with moderate hydraulic conductivity was 15% compared with 20% assumed for loading rate calculations, and simulations for soils with low hydraulic conductivity resulted in a mean effluent surface slope of 29% in contrast to the proposed 40% slope for use in assigning loading rates to the presently unusable low hydraulic conductivity soils ( Table 2 ).
The differences between the simulated effluent surface slopes and those assumed to calculate loading rates are even greater if only the 40-and 60-cm-deep water tables are considered since the simulated slope increased as the depth to the water table increased. For example, the mean effluent surface slope for soils in the moderate hydraulic conductivity class was about 10% if only the shallow and intermediate water tables were considered compared with 15% with inclusion of deep-water-table simulations. However, use of only the data from shallow and intermediate water table simulations may be a valid interpretation since water tables at 100 cm are not typically considered to limit drainfield loading rates for moderate hydraulic conductivity soils (Arkansas Department of Health, 2014).
Measurements of effluent surfaces proximal to drainfield trenches have been rarely reported. For a soil with moderate hydraulic conductivity, Rutledge et al. (1993) reported effluent surface slopes ranging from 6.2 to 14.1% during seven periods of hydraulic stress in a profile-limited soil in northwest Arkansas. Soil morphology (i.e., redoximorphic depletions with chroma £2) indicated the presence of a seasonal water table at a depth of 46 cm (Rutledge et al., 1993) . The effluent surface slopes reported in this study agreed reasonably well with simulated slopes for soils with moderate hydraulic conductivity and a shallow water table (mean of 8.4%; Table 2 ).
Use of an effluent surface slope greater than those measured or simulated for calculation of storage volume and drainfield size results in a more conservative (i.e., larger) drainfield. Conservative loading is a common practice when using prescriptive methods to size on-site drainfields. Larger drainfields increase effluent treatment and reduce the potential for system failure from wastewater rising to the soil surface; this is a built-in protection for the homeowner and the environment.
A secondary objective of this study was to use HYDRUS, and/ or potentially other models that describe soil water movement, to assess the validity of regulatory parameters that lack extensive field or laboratory data. Results of this study indicated that effluent slopes used to calculate storage volume and associated regulatory wastewater loading rates in Arkansas were similar to (slightly greater than) the simulated effluent slopes. More importantly, the model simulations agreed reasonably well with limited measurements of effluent slope away from a drainfield trench (Rutledge et al., 1993) . Thus, a reasonable conclusion would be that the model simulations confirmed that the assumed effluent slopes were reasonable and probably conservative. Moreover, the model simulations were an effective and efficient method to evaluate the assumed values for effluent slope.
It is important to remember, however, that the model simulations are not reality, as was illustrated for soils in the high hydraulic conductivity class. For these soils, the method used to induce a water table resulted in different effluent surface slopes. For these simulations, neither soil and/or rock conditions below the model space nor groundwater flow were included, and these parameters have a large impact on simulation results. It would be virtually impossible to accurately represent all variables that might potentially influence soil behavior in the simulations, and the selection of boundary conditions and other model parameters will alter the simulation results.
The model space used for these simulations was flat with zero slope, the only addition of water was as wastewater, and loss of water from the model space was restricted to vertical movement across the lower model space boundary. Under natural conditions, precipitation, evapotranspiration, runoff, run-on, throughflow, and groundwater movement would influence the hydrologic balance in soils proximal to the drainfield and would potentially alter the slope of the effluent surface. Similarly, the spacing of drainfield trenches and related effluent plume interaction and the slope of the land surface would alter wastewater and groundwater flow paths and the effluent slope.
Soil systems are complex, and all of the complexities cannot be addressed in any one set of model simulations. The complexity, however, does not negate the potential for model simulations to evaluate important regulatory parameters. Through careful selection of variables and boundary conditions, the complexity can be reduced to a manageable level and meaningful results gained. With time, different aspects of the complexity can be addressed and a better understanding of the complex system can be realized.
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Conclusions
The results of HYDRUS simulations of effluent additions to a selection of soils with varying physical and hydraulic properties indicated that the slope of the effluent surface was not constant but varied directly with depth to the water table, i.e., the effluent slope increased as the water table became deeper. The change in slope as the water table became deeper was attributed to a relatively constant rate of lateral spread of the effluent away from the trench that was independent of water table depth. The lateral spread of effluent away from the trench was strongly influenced by the properties and arrangement of horizons in the soil to which wastewater was added.
The modeled slopes of the effluent surface were approximately 16, 15, and 29% for soils in the high, moderate, and low hydraulic conductivity classes, respectively. For moderate and low hydraulic conductivity classes, these slopes are somewhat lower than those currently assumed for the calculation of effluent storage volume and wastewater loading rates used in actual practice in Arkansas. For the high conductivity class, the slope is greater than the assumed regulatory slope, but if different simulation parameters are used, the slope for soils in the high conductivity class is also less than that currently used for drainfield sizing. The use of the regulatory slopes, however, results in a more conservative loading rate for all soil and water table depth combinations than would be the case with the use of the simulated slopes.
